Abstract: Global environmental changes have negatively affected many food systems while the demand for food has continued to rise. An urgent need exists to identify other sustainable means of producing food. This is a case in Malawi, where capture fisheries and agriculture are not supplying sufficient food. Fish farming food systems by communities who rely on inland fisheries have not been evaluated. Therefore, a study was conducted in two phases: January 2016 to May 2016 and in July 2017 to evaluate if fish farming could sustainably support livelihoods of Lake Malawi riparian communities. We used mixed methods to collect and analyze data. The data collection methods included explorative surveys, household survey interviews, focus group discussion and key informant interviews. Qualitative data was analyzed using content analysis for themes. This identified themes that were quantitatively analyzed using descriptive and inferential statistics. We observed that fish farming was dominated by men and also not the main occupation for the respondents despite owning fishponds. The respondents have water and land, which are prerequisite for any farming. The study also observed fish farming production challenges related to quality fingerlings, formulated diets, and extension services. Cases of food insecurity amongst the respondents were also prevalent due to lack of food to cover the entire year. Weak synergies existed between fish farming and agriculture restricting bio-resource flow and water usage between these two food systems, meaning the outcomes of the food systems provide unsustainable diets. Furthermore, water availability, money spent on food, and cassava cropping increased fish farming participation. Whereas operating a bicycle taxi, casual labor, former fish farming, as well as application of agricultural wastes negatively affected fish farming. On the other hand, extreme weather events (increased incidences of droughts and floods) attributed to inter annual rainfall variation also negatively affected fish farming. The responses from Lake Malawi riparian communities indicate that they merely look upon fish farming as an alternative to capture fisheries than as an illusion. Nonetheless, the research provides a theoretical platform to explore the potential to develop sustainable fish farming food system adapted to such changes. Therefore, we have brought new evidence that progress of fish farming in Malawi is being made, but there is a long way to go before it can be considered successful and sustainable.
Introduction
Global environmental changes challenge achieving sustainable development goals. For instance, global environmental changes derail achieving global food security, which is an outcome for many food systems [1] . Continuous exposure to global environmental changes renders many households vulnerable and unable to attain sustained livelihoods. Therefore, in order to devise ways to enhance livelihoods, there is need to understand available food systems and their role in providing livelihoods.
One such food system, which is less understood, is Lake Malawi, a home of 500-1000 endemic fish species [2] . This lake is super rich as it has many fish species compared to other lakes in the world. The lake provides many ecosystem services to communities around it [3] [4] [5] . It is the small scale fishers who mostly do the fishing and the majority of them use traditional fishing methods [6] . The majority (90%) of annual fish catches in Malawi are mostly from these small scale fishers [5] .
Despite such attributes of Lake Malawi in providing ecosystem services, edible fish catches have decreased in the last three decades resulting into reduced consumption from 14 kg per year in 1970s to 4 kg in 2005 [7] . This picture is also similar at a global level [8] [9] [10] . Such low fish supply calls into question whether Malawi's fish still provides a cheaper source of animal protein compared to other livestock groups [5] . From an economic point of view, as the fish supply decreases, the demand goes up and in doing so the prices go up too. The decrease of fish diversity results in some species rarely being caught [3] and many also being categorized in the IUCN Red List as threatened towards extinction [11] . Fish eating habits have also changed as species which used to be considered inferior, like the ornamental species, are now considered edible [12] . Furthermore, climate projections for Malawi show increased temperatures and low precipitation [13, 14] , even though there is lack of research on how Malawi fisheries are directly affected by extreme weather events, but we could as well say, fisheries might equally be affected. This is because climate directly affects fish production and distribution [15] [16] [17] .
Low fish catches render the fisheries food system unable to provide sustainable diets because fish is an essential source of nutrients recognized in most national dietary guidelines [18] [19] [20] . Despite low fish catches, the communities around Lake Malawi continue to exploit the waters due to few options for pursuing other livelihood sources. The coping mechanisms which have been employed by the majority of the fishers are not sustainable and do not conform with the FAO code of conduct for responsible fisheries [21] . These include use of non-selective fishing gears [3] and cultivating closer to the buffer zones of rivers, causing siltation, which affects breeding grounds for many fish species [22, 23] . This behavior leads to catching more fish beyond the maximum sustainable yields. Therefore, mitigating for such uncertainties is important as it builds resilience of the people who live around Lake Malawi [24] .
Unsustainable fishing is attributed to population increase and movement of people from other food systems which are also under immense pressure [5, 25] . Lake Malawi is an open resource where anyone can just walk in and start fishing. In addition, the regulations set by the government in collaboration with the local communities have failed to yield positive behavior changes, as people need to survive [26] . However, this has led local communities to suffer most because their livelihoods are centered around fish.
Therefore, this calls for a holistic assessment of other food systems that could be promoted to support the livelihoods of Lake Malawi fishers. This might ease the fishing pressure being exerted on the already overfished resource. Malawi fishers migrate between agriculture and fisheries as major livelihood sources [27] . Nevertheless, just like fisheries, the Malawi agricultural sector has also been experiencing continuous low crop yields [28, 29] . Global environmental changes is among the factors impacting Malawi's agriculture because of over-dependence on rainfall, which is characterized by erratic, late onset, early cessation, and low intensity [30, 31] .
While other food systems have failed to enhance food security of the fishers, fish farming in Malawi improves resilience against food and income shocks when agriculture is impacted by extreme weather events. Furthermore, there has been a great deal of integration between agriculture and fish farming, which benefits both food systems [32] . Since most fishers in Malawi possess agricultural land, fish farming could be a solution to enhance sustainable diets [3, 25, 27] .
In Malawi, fish farming has been practiced for over 100 years [33] , but its impact as a food system to people who fish in Lake Malawi as a source of livelihood is not known. Yet, globally, aquaculture is the fastest growing food producing sub-sector [34] . Indeed, the total global supply of fish from aquaculture is projected to increase from 154 million tons in 2011 to 186 million tons by 2030 [35] . However, for many countries, aquaculture development and its uptake has been stagnant despite its potential to reduce income-and food-vulnerabilities [36] [37] [38] [39] . Adopting fish farming as an outright coping mechanism requires understanding its implications for riparian communities.
Information on suitability of fish farming for people who rely on inland capture fisheries is scant. Therefore, the goal of this study is to provide information to understand the status of fish farming with a specific focus on how it could work as a livelihood strategy for small-scale fishers. Specifically, the research has the following objectives: (a) to assess the socio-economic characteristics of the existing fish farmers; (b) to assess the status of fish farming food system; (c) to analyze the impact of extreme weather events on fish farming and; (d) to assess food systems outcomes.
Fish Farming in Malawi
In establishing the suitability of fish farming as a possible livelihood strategy for Lake Malawi fishers, there is a need to understand the context of fish farming. In Malawi, fish farming dates back to 1908 when brown and rainbow trout fish were reared for sport. However, small scale fish farming started around the 1950s in the northern region of Malawi as a response by the British Colonial Office to improve supply and nutrition in its colonies [33] .
Ever since the introduction of fish farming in Malawi, the majority of fish farmers are still small scale whose fish are raised in earthen ponds utilizing natural productivity [6] . On the other hand, there is only one large scale aquaculture company in the southern part of Lake Malawi and it uses salmon cages to raise local species [40] cited in [6] . The common species cultured are Oreochromis karongae, Oreochromis shiranus, Tilapia rendalli, and Clarius gariepinus and most of these species are endemic to Malawi. These species have inferior growth rates and feed utilization compared to exotic species who are legally barred to be cultured in Malawi [6] . The local species can grow with very low inputs, this makes fish farming less intensive, but it affects the final nutrient quality of the fish.
Over the years, many development agencies have joined hands with the government to promote fish farming in order to enhance the welfare of poor farmers [33] . Its positive effects was an increase in fish ponds from less than 100 in the 1960s to over 7000 in 2005 [6] .
Despite efforts from the government and non-governmental organizations (NGOs), fish from Malawi's farms are still mainly for household consumption by the farmers themselves and the surplus is sold locally. The government's support for fish farming is challenged by high vacancy rate in the Fisheries Department [41, 42] . Additional, most fish farming efforts have failed to continue beyond the funding lifespan of developmental projects by NGOs and development agencies, keeping adoption very low [32] . Indeed, fish production remains lower than other developing countries, which started aquaculture long after Malawi [37] . Despite these setbacks, Malawi fish farming has the potential to improve income and food security [43] .
The slow development of fish farming in Malawi has several factors, with institutional failures being a primary cause [41, 42] . There have been many initiatives aimed at supporting fish farming, but these did not yield the projected benefits [32] . For instance, restoration of Oreochromis spp. stocks (important food fish) in major water bodies [44] , has yet to be assessed in terms of impact. On the other hand, Malawi's Presidential Initiative on Aquaculture Development (PIAD) that aimed to develop fish farming sector [45] , failed to meet its target of 5000 metric tons of fish by year 2011. Currently, aquaculture production for Malawi is 3600 metric tons per year [5] .
Conceptual Framework
In order to understand fish production and its interaction with other systems, the elements of food system approach were used [1, 46, 47] . Furthermore, food security [48] , sustainable diets [19, 20, 49] , and vulnerability frameworks [50] were also used to enhance the understanding of the food systems' outcomes and their interaction effect with other aspects like the environment (Figure 1 ). [19, 20, 49] , and vulnerability frameworks [50] were also used to enhance the understanding of the food systems' outcomes and their interaction effect with other aspects like the environment ( Figure  1 ). A food system is defined as a "chain of activities from the production to consumption with emphasis on processing and marketing and the multiple transformations of food that these entail" [1] . Food systems have been typified by Ericksen [46] as traditional and modern. Malawi fish farming fits well in the traditional category where "the supply chain is short and local, production systems are diverse and vary, labor is family based". Furthermore, the food system concept is part of the systems approach, which open doors with respect to understanding complex interactions that govern a specific behavior towards attainment of food security [46] .
Food security is another complex multidimensional concept that this study looked at. Food security is achieved when the following conditions are met "when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active healthy life" [48] . This concept is dynamic and has three main pillarsnamely food availability, food access, and food utilization. Food availability deals with production, distribution, and exchange. Whereas access to food comprised of affordability, allocation, and preference. Finally, utilization consists of three elements-nutritional value, social value, and food safety [46] . Food security is important, but that security needs to be developed in a sustainable fashion [19] .
Therefore, the concept of sustainable diets is used in assessing the processes of food production. In order to understand sustainable diets, it is also important to realize factors which affect it, especially in food insecure areas like Malawi. Sustainable diets "are those diets with low environmental impacts which contribute to food and nutrition security and to healthy life for present and future generations. Sustainable diets are protective and respectful of biodiversity and ecosystems, culturally acceptance, accessible, economical fair and affordable; nutritional adequate, safe and health; while optimising natural and human resources" [20] . This concept is also complex and multidimensional as it touches many areas and it is difficult to measure and in most cases it is presented as a description of the food system [19] . However, Lairon [52] in applying the concept looked at how food is produced (low input agro-ecological food production); where is food being produced (local production and short-distance production-consumption nets) and food quality, culinary skills, dietary pattern, and nutrition education as some of the aspects which could be used A food system is defined as a "chain of activities from the production to consumption with emphasis on processing and marketing and the multiple transformations of food that these entail" [1] . Food systems have been typified by Ericksen [46] as traditional and modern. Malawi fish farming fits well in the traditional category where "the supply chain is short and local, production systems are diverse and vary, labor is family based". Furthermore, the food system concept is part of the systems approach, which open doors with respect to understanding complex interactions that govern a specific behavior towards attainment of food security [46] .
Food security is another complex multidimensional concept that this study looked at. Food security is achieved when the following conditions are met "when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active healthy life" [48] . This concept is dynamic and has three main pillars-namely food availability, food access, and food utilization. Food availability deals with production, distribution, and exchange. Whereas access to food comprised of affordability, allocation, and preference. Finally, utilization consists of three elements-nutritional value, social value, and food safety [46] . Food security is important, but that security needs to be developed in a sustainable fashion [19] .
Therefore, the concept of sustainable diets is used in assessing the processes of food production. In order to understand sustainable diets, it is also important to realize factors which affect it, especially in food insecure areas like Malawi. Sustainable diets "are those diets with low environmental impacts which contribute to food and nutrition security and to healthy life for present and future generations. Sustainable diets are protective and respectful of biodiversity and ecosystems, culturally acceptance, accessible, economical fair and affordable; nutritional adequate, safe and health; while optimising natural and human resources" [20] . This concept is also complex and multidimensional as it touches many areas and it is difficult to measure and in most cases it is presented as a description of the food system [19] . However, Lairon [52] in applying the concept looked at how food is produced (low input agro-ecological food production); where is food being produced (local production and short-distance production-consumption nets) and food quality, culinary skills, dietary pattern, and nutrition education as some of the aspects which could be used to describe sustainable diets. Even though Béné et al. [53] showed how fish is important in feeding 9 billion people by 2050, the role of fisheries and aquaculture in sustainable diets is less investigated [18, 54] .
As much as fish farming has the potential to build food supply resilience, it has also been found to lower resilience in cases where it "relies on terrestrial crops and wild fish for feeds, its dependence on freshwater and land for culture sites, and environmental impacts associated to it" [55] . Therefore, promoting fish farming has to safeguard against such impacts. Other authors found out that despite the increase in global aquaculture production, fishmeal and oil needed in aqua feeds have remained stable-in some cases-it is projected to go down [56] . For Malawi, caution has to be taken because its aquaculture species rely on feed inputs, which compete with humans. However, many fish farmers in Malawi do not feed their fish with formulated diets. Furthermore, these farmers also struggle to feed fish with crop and animal residues due to lack of labor to collect these residues during the main farming season [57] .
Despite being lowly intensified, fish farming might also be under similar threats of global environmental changes, which impact both capture fisheries and agriculture. Therefore, application of the vulnerability concept enables an evidence-based assessment which does not only focus on the final outcome but also on causal interactions affecting fish farming. Vulnerability is comprised of three elements-exposure, sensitivity, and adaptive capacity [50] . These components vary based on spatial and temporal scales [58] . However, these components are also affected by socio-economic factors, socio-cultural institution among others [59] . In this study, vulnerability is used to separate different drivers of change like climate and socio-economic transformations [47] . However, since fisheries has been failing to provide enough food due to different changes, and in that case it is considered to be vulnerable [46] . Should that also be the case with fish farming?
This study assumed linkages between environmental degradation [44] and food system activities [1, 46, 47] which has an impact on food security. This includes social welfare and the environmental security or natural capital which both affect and are affected by food security [48] . This emphasizes the need to move away from just looking at the impacts of climate change on food production to also include how it can reduce the causes of climate change [1] .
Materials and Methods

Study Site
The study was conducted in Nkhotakota ( Figure 2 ), a district located on the western shores of Lake Malawi, between two phases (January 2016 to May 2016 and July 2017). Lake Malawi is shared by three countries-Malawi, Tanzania, and Mozambique. Nkhotakota is located in the central region of Malawi and is 200 km North East of Lilongwe, the capital city of Malawi. The district has two climate seasons: the wet season, which spans between November and April; and the dry season that spans between May and October. Nkhotakota's annual rainfall varies between 860 mm and 1600 mm while the average monthly maximum and minimum temperatures are 28.7 • C and 20 • C respectively [60] .
The majority of Nkhotakota's inhabitants are small scale fishers [60] , who use different types of fish catching equipment and catch different types of fish [61] . However, fish catches in Nkhotakota have been fluctuating and some major species are rarely caught these days [3] . Despite having small land area, the people of Nkhotakota are also engaged in agriculture. On the other hand, big chunks of the land in Nkhotakota is used for sugar cane cultivation by commercial companies and the other parts are reserved for game and forests [60] .
Nkhotakota is a climate change hot spot due to global environment changes impacts. For instance in April 2018, there were many flash floods which destroyed crops and property [62] . These were caused by the El Niño-Southern Oscillation (ENSO) circulation patterns [63] . Despite Nkhotakota being a climate hotspot, there is lack of research on how these changes have affected livelihoods of local communities. Therefore, there is a need to investigate other sustainable livelihood sources that could be appropriate for such communities. Of course, there have been climate related studies on agriculture [64, 65] and fisheries [3] in Nkhotakota, but these studies lacked aspects of interaction with other livelihood sources. For instance, Russell et al. [6] reported that Nkhotakota had fish farming activities, therefore it will be important to look at its interaction with agriculture while devising ways of scaling it up as a livelihood source.
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Data Collection
To explore the status of fish farming and its suitability as a livelihood source in Nkhotakota, we used mixed sampling methods [66, 67] to collect and analyze data. These methods included an exploratory survey, which was conducted to contextualize the research within the study area. During the explorative survey, we visited farming households to appreciate the level of fish farming technologies and facilities in use. Furthermore, we had open-ended interviews [68] with the fish farmers, fish farming clubs, village development committees, fisheries department, and NGOs. This involved asking questions related to: livelihood sources and food security; the status of fishing farming and challenges being faced; common extreme weather events for the area and their impact on livelihoods. 
To explore the status of fish farming and its suitability as a livelihood source in Nkhotakota, we used mixed sampling methods [66, 67] to collect and analyze data. These methods included an exploratory survey, which was conducted to contextualize the research within the study area. During the explorative survey, we visited farming households to appreciate the level of fish farming technologies and facilities in use. Furthermore, we had open-ended interviews [68] with the fish farmers, fish farming clubs, village development committees, fisheries department, and NGOs. This involved asking questions related to: livelihood sources and food security; the status of fishing farming and challenges being faced; common extreme weather events for the area and their impact on livelihoods.
Most of the responses from the exploratory survey were used to develop research tools for the quantitative household survey (Supplementary Materials). We used a semi-structured questionnaire adapted from Andrew et al. [69] to collect information on: household composition and structure; access to and use of land and natural resources; household livelihoods and wealth indicators; food security; fish farming activities; climate change risks; perceptions on climate and ecosystem changes and analysis of adaptation measures to climate change. Forty-seven (47) fish farmers (pond owners) were randomly sampled [70] for household interviews from those engaged in fish farming.
As a follow up to household surveys and exploratory interviews we also conducted focus group discussions and key informant interviews. The participants to these were purposively sampled. This enabled collection of in depth information from a small number of cases carefully selected and fit the phenomena under study through open-ended questions [66, 68] . These methods helped to probe the respondents and to interpret data by seeking answers on how and why questions. Ten (10) focus group discussions were conducted with fishers, beach village committees, fish traders, lead farmers, fish farmers, and fish farmers' clubs. These groups were separated by gender to enable women contribute freely to the discussions [29] . Additionally, we also conducted five (5) key informant interviews with extension agents, lead farmers, government officials, and NGOs to understand fish farming. The use of different methods increased the validity and reliability of the findings as it enabled triangulating the sources of information, which provided depth and breadth of the context under study [66] .
Data Analysis
Qualitative data was transcribed, translated to English and then analyzed using content analysis for themes [71] . Content analysis involves coding the data to get initial themes, which are reviewed and named based on data patterns. In order to express the sentiments of different groups of people interviewed, we also used direct quotations in some cases to support the results.
Household survey data was analyzed using descriptive statistics (frequencies, means, range, and proportions). Furthermore, we used inferential statistics (Independent sample t-tests at a 5% confidence interval) to test the significant differences between water usage in irrigation and fish farming. We also used Pearson and Spearman correlations to assess factors that affected participation in fish farming. Despite the small sample size for the quantitative household surveys, which could have presented limitations in robust statistical analysis, we used qualitative results to support the outcomes [66] . Table 1 summaries the characteristics of the respondents that have implications on achieving sustainable diets from fish farming food systems. The majority (98%) of the sampled respondents were men and these were the ones who owned fishponds. This might entail labor demands in conducting food system activities, land ownership processes, and how the innovations were diffused to the respondents. The results also show that none of the respondents had fish farming as a major food system suggesting that it supplemented other systems like agriculture. Table 2 shows other socio-economic characteristics of the respondents. The average age of the respondents and time stayed in the area were 43 and 36 years respectively. This suggests that many of the respondents were born in the study area and this affected land ownership, which is one of major factors of food production where food systems activities are conducted. The average education years was low suggesting difficulties in understanding the basic biology required in both agriculture and fish farming. These results further showed that the respondents possessed large land holding sizes, suggesting availability of land for agriculture and fish farming. Despite having large land holding capacity, the average household sizes were small. This illustrates low family labor availability for farming activities because farming was not mechanized, but relied on human labor.
Results
Context of the Study Area
Socio-Economic Factors
Land Quality and Crops Grown
A large proportion (67%) of the land was cultivated and the mean of cultivated land was 12,383 m 2 . Table 3 shows land quality as a function of soil quality [69] . Most households (96%) had a field for agriculture, with soil quality ranging from good and excellent. These results imply availability of good quality land for venturing into different types of farming. Table 3 . Frequency (n) of soil quality in the households' arable land as a function of land quality as described by respondents in semi-structured interviews (N = 47). The respondents practiced mixed cropping and the proportion of the total farmed area under different crops was: summer maize (39%), winter maize (8%), cassava (15%), rice (12%), sweet groundnuts (12%), potatoes (6%), pigeon peas (6%), and vegetables (2%). Of these crops, rice was the only crop which was grown for sale while the rest were for household consumption. At the same time, processing of the harvest did not involve any value addition. The high diversity of crops grown suggests well balanced diets and good nutrition in the study area. The growing of many crops also could be an indication of livelihood diversification in cases where other crops fail. The many crops also entail a good pool of agricultural residues that could be used to fertilize agricultural fields or fishponds. Recycling of wastes further entails how sustainable the food systems were.
Soil
Water Availability
The growing of many crops could entail availability of water and land to drive the food system. Furthermore, water availability is both crucial in agricultural and fish farming food systems just like land. The study showed that all respondents had access to water for agriculture and fish farming. The water sources included: furrow from a river (40%), ground water seepage (30%), furrow from a spring well (17%), and from a shared irrigation furrow (4%). However, water flow was variable due to less rainfall (57%), evaporation (18%), low stream flow (11%), seepage from furrows (11%), and competition between users (3%). The competition in water usage suggests that food production did not follow the sustainable diets concept.
During the qualitative interviews when we probed on the water usage competition from a focus group discussion at Site A on 15 May 2016. We were informed that, due to extensive rice production and the need for each farmer to maximize rice production, some farmers had channeled the water to the rice fields without considering other farmers who also wanted the same water for farming. However, keeping stagnant water in rice fields also increases production of methane which is a greenhouse gas that influences global environmental changes.
While that could be an isolated case which might not reflect the entire study area, another key informant interviewed at Site B on 31 March 2016 had to say this "I have plenty of water and land for any land based farming operation, however the only lacking thing is capital to expand my farming activities".
The annual water availability showed significant differences between water usage for irrigation and fish farming (t (11) = −13.4, p < 0.001). Water flow for irrigation and fish farming decreased between June and January (Table 4) . Still, the majority of respondents (87%) cited having enough water to support expansion of fish farming and agricultural activities. There was equal preference for expanding agriculture through irrigation and fish farming. This suggests how these food systems were important to the respondents' livelihoods, despite none of them citing fish farming as a major food system. 
Livestock Ownership
Water availability also determines types of livestock suitable for the study area. Table 5 shows livestock ownership in the study area. Livestock were used to provide food and income to the respondents. Although water was available, the results revealed that the study area does not have many livestock types and some households did not own livestock. Even though there were less livestock, the majority (72%) of the respondents had access to grazing lands. The grazing lands belonged either to the community (46%) or individuals (54%). These results have implications on the availability of cheap animal protein sources and animal wastes being generated for agricultural fields and fishponds fertilization. The low number of livestock also meant that low production of greenhouse gases that has an impact on global environmental changes. Having noted the importance of the livestock component in both agricultural and fish farming food systems, we further probed during the focus group discussions on the reasons why the area had few types of livestock and what was the role of livestock in their lives. It was noted that some types of livestock for example were not kept due to religious beliefs as the study area had a large number of Muslims. Furthermore, the study showed that small stocks (goats, chicken, and sheep) were easy to keep because they did not require many production inputs. However, these were also suitable for very hot weather as perceived in the study area. While investing in cattle was hard for the respondents due to lack of extra income to purchase the livestock and to pay for labor services of cattle herders.
Fish Farming Food System
Fish Farming Objectives and Division of Labor
The study showed that the main objective for fish farming by all respondents was mainly for food with a possibility of selling surplus fish produced. The respondents were first involved in fish farming by self-motivation (54%), often by fish farming project incentives (39%) and occasionally through inheritance (7%). The fish farming food system's activities were dominated (92%) by household heads who happened to be men.
Most respondents (83%) were still involved in fish farming 20 years after adopting the innovation. However, some respondents (17%) had stopped fish farming due to no source of fingerlings (39%), low water levels (35%), lack of profits (13%), and flooding which damaged their ponds (14%). These results reveal challenges with the food system activities. Whereas low water levels and flooding were related to the effects of global environmental changes. However, the identified bottlenecks for the fish farming food system activities offered business opportunities for potential investors in supplying fingerlings and fish marketing solutions.
During the qualitative interviews with inland fishers and the beach village committees on why they were not involved in fish farming, one participant cited that:
We are everyday cash people with exceptions when our fishing nets are damaged or if the south easterly winds are persistent. We do not have the patience of waiting for more than six months for the fish to mature in fishponds. It is also better to venture into agriculture, because it is very difficult to be sure, if our fish are in the ponds or they have been either stolen or died. Secondly, fish farming requires a lot of education which most of us do not have.
This suggests that adoption of fish farming by such groups of people might not be easy because of such perceptions.
Organization of Fish Farmers
Most fish farmers (81%) were members of fish farming clubs. Fish farming clubs are comprised of farmers who own at least a fishpond and are hardworking, trustworthy, reside in villages closer to each other, and have the ability to pay entry and annual subscription fees. The clubs have governance structures that are elected annually. Furthermore, the clubs were entry points for any fish farming related development initiatives. The benefits of joining a fish-farming club were easy access to: loans, extension services and advice, fish markets, labor when digging the ponds, cleaning, feeding, and harvesting. While for old club members, the club was a platform for sharing lessons learned in fish farming. These results suggest that even if farmers had individual ponds, but the food system activities were influenced by their group dynamics.
During a focus group discussion with a fish farming club members, the governance committee emphasized that:
Being a member of the fish farming club has improved our livelihoods by expanding sources of income and food. The income has also enabled timely payment of school fees for our children and we expanded our farming activities.
Land Allocation to Ponds and Cost of Digging Ponds
The fish farmers had variable fishpond sizes. The majority (72%) of the fishponds were less than 900 m 2 while some (21%) ranged between 1000 and 6400 m 2 . This also applied to the number of fishponds per farmer, with some (34%) having two ponds, others (15%) having three ponds, and half (51%) of the respondents having one pond. In comparison with agricultural food system, the total land invested in fish farming was 13 times less. The average cost (US$54) for constructing a fishpond using combined family and fish farming club labor was six times less than those who engaged hired labor (US$341). Most of these ponds were self-constructed (57%), inherited (25%), project constructed (11%), and constructed with paid labor (2%). These fishponds were constructed between 1989 and 2016 and the common culture methods were monoculture (75%) and polyculture (25%). The culturing methods illustrated a certain level of sustainability and maximized usage of production inputs within the different food systems in the study area.
Common Fish Species Stocked
The common cultured and preferred fish species were: Oreochromis shiranus (54%), Oreochromis karongae (26%), Tilapia rendalli (10%), and Clarius gariepinus (10%). These species were preferred because of having: good flavor, simple diet, early maturation, fast growth rate, low mortality rate, and high reproduction rate. Despite accessing fish fingerlings from other farmers, self-production, NGOs, and the Fisheries Department, the respondents had challenges in accessing fingerlings for all the preferred species. Only one farmer was producing fingerlings in the study area and in 2015, he sold 300 fingerlings to fellow farmers at US$0.04 each.
Fish Feeding
Fish feeding is an important food system activity. Therefore, stocking quality fingerlings without feeding them could have negative effects on the final product. The majority of respondents fed their fish with maize bran (84%) and some with rice bran (9%). On the other hand, some (24%) used cassava wastes. Fishponds' primary productivity was also boosted with organic manure (77%). The manure sources were goat (61%) and chicken (12%) droppings. In addition to crop and animal by-products, some respondents (6%) also provided mineral premixes to their fish. These feeding schemes suggest that sustainable ways of recycling residues were being practiced. Despite less mineral supply to the fish, none of the farmers cited fish-disease outbreaks. These results further illustrate that fish health was not affected by a lack of formulated diets or any other supplementary feeding.
Fish Harvesting
When harvesting fish, all farmers did not drain the ponds due to water problems. Fish were harvested at different times. Half of the farmers (51%) harvested the fish after a complete growing cycle (6-9 months); while others (24%) had no specific harvesting roster, some harvested monthly (22%) and weekly (2%). These methods suggested that different fish sizes were harvested as a response to either market demand or household consumption or different stocking times or different maturation times for the cultured species.
Fish Marketing
For the question "Does the price that you receive for the same weight of small and large fish differ when you sell your fish?" the responses were yes (64%), no (7%), and I do not know (27%). The respondents' fish sales between 2011 and 2016 showed that most of the fish produced were sold at the local market. The reasons given for selling the produce at a local market were proximity to farm (69%), direct cash payment (17%), better prices (11%), and encouragement from NGOs (3%). The distances to the local markets ranged from one to five kilometers and the average transportation cost to the nearest market was US$0.30. Despite selling fish locally, the fish farmers also suffered multiple problems: low fish price (69%), long distance (8%), late payments (3%), and conflicts within the farming club (3%). Selling fish locally entailed improved sustainable diets by optimizing taste and flavor. The average fish price per kilogram between July 2015 to June 2016 was US$0.60. The outputs from the fish farming food system were fresh fish and fertilized water used for agricultural activities. Furthermore, no value addition-i.e., packaging or preservation of the fish-was done, suggesting that the fish retained all their nutrients. As shown from the results, by the time fish were harvested the farmers might have consumed or sold most of the fish. This further illustrates availability of animal protein to the households and their kinship involved in fish farming.
Fish Farming Cost Structure
The major costs related to fish production were feed (86%), labor (9%), construction and maintenance of the fishponds (5%). Evaluating these costs was partially done by examining fish farming records kept by half of the fish farmers. However, the majority (89%) of the records were poorly maintained with a lot of missing information. This might be a result of respondents' low education levels. These results suggest that calculating profitability could pose a challenge due to a lack of records, however, the main purpose of fish farming was not entirely profit oriented.
Fish Farming Technologies Adoption and Dissemination
Despite low education levels and lack of proper record keeping, the respondents had adopted many fish farming technologies. These included: integrating agriculture and fish farming, direct feeding with formulated diets, direct feeding (maize bran, cassava wastes, and vegetables), cleaning the ponds after harvest, use of polyvinyl chloride (PVC) pipes as water inlet and outlet, use of ash as a buffer system, and using fast growing fish species like O. shiranus. Diffusion of fish farming was passed through multiple channels, but most respondents (67%) accessed it from extension agents. The average contact time of farmers with extension agents was 1.66 times per month. To supplement visits by extension agents, lead farmers were also acting as role models to other farmers. Lead farmers advised fellow farmers on fish production and securing better markets. About half of the respondents (45%) had been in touch with a lead farmer. Lead farmers were selected based on: nomination and voted by fellow farmers at the fish farming club; possession of a fish farm and being knowledgeable about fish farming; good level of education and training in fish farming. During key informant interviews, extension agents cited facing the following challenges:
. . . there is lack of funding for us to do activities such as offering business and general fish farming lessons; there is no transportation for us to travel long distance to the fish farmers from where we are based; and we are few extension workers to cover many potential and existing fish farmers.
These results suggest that the extension agents were not motivated to work hard as their working conditions were poor. During another focus group discussions, fish farmers cited the following on how dissemination of fish farming information have improved their fish farming:
Much as we want to be visited more often by the agents. However, with the little information they gave us we managed to generate a lot of profits, what more if we had more information. Table 6 summarizes factors which affected fish farming. Water availability, money spent on non-staple foods, area planted with cassava, buying staple food in December, and the amount of fish partially harvested at one time increased participation in fish farming. Whereas operating a bicycle taxi, being a former fish farmer, amount of compost and rice bran applied to the fishponds, and providing casual labor in October reduced the probability to participate in fish farming. These results suggest that most of the significant factors had a direct implication on the productivity of the food system. Furthermore, the qualitative interviews also revealed some factors, which might have influenced participation in fish farming. During the focus group discussions and key informant interviews, we gathered the following overview on factors affecting fish farming participation:
Factors Affecting Fish Farming Participation
. . . yes we are fish farmers, but we also have successes and challenges when culturing the fish, the important successes include availability of fish throughout the year, we are not worried or concerned by hash weather conditions affecting the fishers at the lake; furthermore, we can irrigate winter crops with the water from the ponds. Our challenges include in some cases, drying up of the ponds due to poor workmanship during construction and extreme hot temperatures; sourcing of quality fish seeds is not easy as certified hatcheries are very far away; and cheap formulated diets . . .
On the other hand, we also provide a summary of a key informant interview with a female fish farmer.
. . . fish farming is good because we don't have to worry about food throughout the year, however as a woman I am challenged because fish farming is labor intensive, especially during pond construction and harvesting; therefore, I have to hire paid labor . . .
The results for the qualitative and quantitative interviews have revealed multiple factors affecting the fish farming food system at production level. Despite the differences in the significant factors between the two methods, all the factors are important in enhancing productivity of the food system. The study can only attribute such disparities to a small sample size for the quantitative part, which was however supported by qualitative interviews.
Effects of Perceived Extreme Weather Events on Fish Farming
The study observed through qualitative interviews that some extreme weather events were directly affecting fish farming. Those observations were confirmed through household survey, where most fish farmers (89%) experienced significant changes in weather patterns between 2000 and 2016, compared to the 1980s and 1990s. The extreme weather events included increased incidences of drought (47%), late rainfall (40%), floods (6%), dry spells (4%), and extreme temperatures (2%). However, in the past five years (2010-2015), some respondents (58%) were exposed to these events in 2015 compared to 2% in 2013. While in the last 20 to 30 years, the exposure to rainfall has been erratic (37%), late onset (41%), poor distribution (20%), and early onset (2%).
The study revealed that, in general, the common impact of the extreme weather events included crop damage, livestock loss, loss of biodiversity, and low fish catches. Whereas the specific effects to fish farming observed by the majority (75%) of fish farmers included death of fish, low fish yields, drying of ponds, high water temperatures, and lack of natural food for the fish. These results suggest extreme weather events are a force to reckon in fish production.
Food System Outcome
Although the study has revealed that both fish farming and agricultural food systems are facing challenges, however these are better placed because the farmers can influence the production unlike in the capture fisheries ecosystem. The main outcome of these food systems was supposed to be food security. Therefore, in assessing the annual availability and utilization of food consumption by the respondents, the study showed that most (60%) of the respondents had enough food, whereas some (7%) lacked proteins only, some (13%) also had no staple food and some (20%) did not have enough food throughout the year (Table 7) . These results reflect that being involved in either fish farming or agricultural food systems did not always result in producing enough food for consumption. However, the annual food availability varied between the main foods groups (proteins and carbohydrates). For instance, lack of proteins within the year ranged from 2% to 15%. This might be because of fish farming adoption, as the respondents did not have challenges in accessing proteins. The results also reveal that the critical months where households lacked food were between December and March. During these months between 44% and 72% of the households bought staple foods. Table 8 indicates that a large proportion of income was generated from crop sales (60.1%) and most of it was spent on food (51%). Despite fish sales contributing (10%) to the annual income, the respondents also bought fish for consumption. These results suggest that income for the respondents was centered on the agricultural and fish farming related food systems. 
Household Income and Expenditure
Discussion
Socio-Economic Factors
Socioeconomic factors are an important aspect of any food system's outcomes. These factors also drive the necessary feedbacks and interactions with other components of the food system. By the respondents not having their main occupation as fish farming it had some implications on the study area's food system. Furthermore, despite all the respondents owning fishponds and having water, they were not full time fish farmers. The fish food system was dominated by men (98%), and this suggests labor intensive activities, especially during constructing of fishponds, fish harvesting, and pond cleaning. Although these results are consistent with other studies in Malawi [43] , it was surprising that few women were involved in fish farming despite being custodians of the land due to a dominant matrilineal system [72] . However, access and ownership of farming land in the study area was not a problem. This could be attributed to the household head's age and the amount of time having stayed in the area. In other areas in Malawi, land can be accessed through either inheritance or granted by local leaders or purchased [73] . The majority of the fish farmers were married; and being in such a marital status might have a potential to improve labor availability for farm activities even though their household sizes were small. Another factor, which has an impact on farming activities, is level of education [74] . In this study, the average level of education was very low. This might have a negative impact in adoption of innovations like fish farming which represents a complex food system.
Complexity of fish farming could be the reason the majority of the respondents were into agriculture. This was also confirmed in the qualitative interviews, and is reflected in the major income sources. However, the low proportion of fish farming incomes to the total annual income were within the range (1-17%) that has been reported for Malawi [69] . However, these results might not be good enough to encourage adoption of fish farming as a business [38, 69] but as a necessary food system in enhancing food security.
Fish Farming Food System
Although fish farming contributed low income to the respondents. Its adoption was consistent to findings reported by Hecht and Maluwa [41] and Russell et al. [6] in Malawi and Brummett et al. [75] in Cameroon. These results indicate that no new development players have been promoting fish farming except for the government and NGOs. This might be attributed to some adopters discontinuing it due to lack of inputs to enable them to execute several food system activities.
Lack of inputs like fingerlings could be a reflection of small sized fishponds, despite having large land holding capacity. The mean sizes of the earthen ponds were lower than the recommended size for maximizing production (1000 m 2 ) in Malawi [76] . These results reveal opportunities to use fingerlings from the wild as the farmers are closer to Lake Malawi than where certified hatcheries are located. Use of fingerlings from the wild has been reported to be profitable [77] .
Another trait of importance which could lower mortalities is high disease resistance in the cultured species despite no mineral supplementation. This could be attributed to species hardness [32] and low stocking densities [78, 79] among other factors not explored in this study. On the other hand, one of the cultured species (Tilapia rendalli) can grow with less food, making it a candidate for fish farming to farmers who cannot afford feeds [80] . This could also be true for the other species cultured in the study area [32] .
Culturing of different species could be the reason farmers had varied harvesting times, while this shows these species were sustainably using different food available in pond environment [81] . This also could be an indication that farmers were using their farms, as safety nets when food and income were needed urgently [69] . Although this practice makes it difficult to calculate profits, it could be viewed as a sustainable livelihood strategy. Partial harvesting also enabled the fish farmers to supply different market segments with different fish sizes. However, leaving fish to continue growing entailed incurring more production costs [82] , as revealed in this study. This could be true if animal and crop residues applied to the ponds were being bought or costs were incurred in transporting them from their source. The use of animal wastes improves pond fertilization more than crop residues [83] .
High fish farming costs could be also a reflection of the process of diffusion of innovation. The drivers of such a process are extension agents [74] , and with less visits by extension agents, high costs are expected. Furthermore, packaging of extension messages plays a big role in adoption of an innovation [29] and it is affected by the level of education. Some studies have recommended targeting extension support to certain fish farming food system activities, like fingerling production compared to table size fish production [84] . Despite the absence of formal fingerling producers in the study area, this study recommends providing extension services to both fingerling producers and table-sized fish farmers.
Fish farming participation has also affected agricultural food systems. For instance, increasing the amount of land under cassava cultivation improved fish farming participation. This could be attributed to cassava not requiring many inputs compared to other crops, like rice and maize, grown in the study area [85] . An input like labor could be channeled towards fish farming operations, which is laborious.
There were also other factors, which affected fish farming participation. For example, having income from the bicycle taxi reduced farmers' motivation to farm fish. This entailed having more purchasing power to buy food and fish from other farmers. While contrary to the tenets of earthen pond fish production, adding residues (compost and rice ban) reduced fish farming participation [62] . These results might be a reflection of competition for use of these residues in the agricultural fields as a fertilizer because the respondents had agriculture as their main occupation.
Even though some factors were supposed to influence fish farming participation, this was not the case. Factors like extension agent visits, level of education, land holding size, age, and gender are known to significantly influence fish farming participation. This could be attributed to the study sample size, which was small compared to other studies, which found these variables to be significant [40] . Another explanation of the small sample size could be related to social structures and perceptions of people around the study area regarding fish farming as they are close to the lake where they could get fish with ease even though the catches had gone down [3] .
Impact of Extreme Weather Events on Fish Farming
The study revealed that the respondents perceived extreme weather events to affect fish farming food system. These events have the potential to directly affect food systems and related socioeconomic factors of the respondents, which again drive the food system [47] . The extreme weather events experienced revolved around rainfall and temperature, these results corroborated those of Limuwa et al. [3] . These events are consistent with Kolding et al. [86] , who reported that sporadic rainfall patterns are the main driver of environmental changes for many regions in Sub Saharan Africa where Malawi is located. Furthermore, Malawi's rainfall pattern has been showing increased annual variations [31] . Nicholson et al. [30] also noted reduced rainfall in mid-February for Malawi. This might have an impact on agricultural food systems [87] on which fish farming directly relies upon [88] [89] [90] . Our results on negative effects of extreme weather events in fish production corroborated with Faruque and Kabir [91] . Such impacts of extreme temperatures offer opportunities to conduct selective breeding for increased temperature tolerance. Whereas raising fishpond dykes could mitigate floods as perceived in the study area [92] .
Food System Outcome
Even though the fish food system is challenged by inputs and weather related events, the respondents had diversified their livelihood sources through fish farming. This was however not enough because they were still food insecure (availability and access), for all food groups between the months of December and March. These results are consistent with GoM [5] . The high availability of protein in the study area might have been supplied through either livestock or domesticated fish or fish from the lake and could be an indication of sustainable diets [52] . However, the study did not quantify other aspects of food utilization like social value and food safety. On the other hand, the lack of staples in the study area has a direct implication on human body energy from the carbohydrates needed for labor intensive farm activities [93] . Lack of staple foods in some months was contrary to diversified crops grown in the study area, but it reflected mechanisms to safeguard against food insecurity [94] . Different crops have different growing requirements and if one crop fails, other crops provide the needed food supply-for instance, crops grown in the area, such as cassava, which is drought tolerant, and soybeans and groundnuts, which do not require extra costs in buying fertilizers because they can fix nitrogen in the soil [85] . Despite diversified crop production, the study area had few types and low numbers of livestock. These results are contrary to Andrew et al. [69] who attributed having few livestock to lack of grazing land because of high population densities. While this might be true to other areas, the study could attribute high population of small stocks to the climate of the area [95] . However, low numbers of livestock could lead to sustainable diets as it decreases greenhouse gas production, which could increase global warming because livestock produce methane gas [96] .
In assessing the fish farming food system and its relationship with the agricultural food system, the study reveals that fish production did not fully result in realization of sustainable diets [52] , although it improved food availability and utilization through animal protein. This could be attributed to the competition for production inputs, which existed between agricultural and fish farming food systems.
Conclusions
Fish farming food system is important as it provides animal source proteins throughout the year. However, this study has revealed that all the respondents did not consider fish farming as their main occupation. Furthermore, fish farming activities were biased towards men. The fish farmers' education and household sizes were low. The fish farming food system was faced with production challenges-especially accessing fingerlings, formulated feeds, and extension services-even though the fish farmers had access to water and land. Not everyone had food to last them throughout the year and this created the need to intensify fish farming. Weak synergies existed between fish farming and agricultural food systems. Therefore, affecting bio-resource flows between these two systems, as earthen fishponds depended on agricultural residues for their natural productivity. Despite the farmers practicing mixed cropping, the recycling of agricultural wastes in fishponds was also affected by few types of livestock and the competition for the same wastes as a source of fertilizer to crops. Another competition existed for water usage in rice fields between the farmers. These competitions had an impact in attainment of sustainable diets.
Fish farming was also affected by extreme weather events. These events perceived by farmers offer room for practicing adaptive management. For instance, breeding fish for extreme temperature tolerance and early maturing fish strains. Although progress of aquaculture development in Malawi is being made, there is a long way to go before it can be considered successful. This is the case because these pre-existing bottlenecks reported more than 10 years ago are still persistent [6] . Furthermore, the results also suggest the need to strengthen the supply chain by the government or offer business opportunities in food system activities such as fingerling and feed production and supply. Therefore, fish farming is not an illusion as it might provide supplementary livelihoods to inland fishers, but this development reliant upon improving the operational environment with more easily accessible inputs.
